The SUDBURY NEUTRINO OBSERVATORY (SNO) will study the Solar Neutrino Problem (SNP) 
INTRODUCTION
A deficit in the measured flux of solar neutrinos relative to predictions was first observed at Homestake by Davis ei al. [1] and more recently confirmed at Kamiokande II by HirataeLsL [2] . These detectors are sensitive to only the highest energy solar neutrinos, detecting primarily electron neutrinos (i/e) from the decay o!8B. Results from both detectors are consistent, reporting that the high energy SB flux is less than half that predicted by the Standard Solar Model (SSM) of Bahcall & Ulrich [3] . A new generation of solar neutrino detectors are being proposed or are under construction [4] . One of these is the SNO detector [6] . It is a copy of the successful SiO (Serenkov detectors [2, 6] with the sensitive medium changed to 1 kilotonnc of DiO. The D^O will be contained in a spherical acrylic vessel, and surrounded by H^O to shield against backgrounds. Photomultiplier tubes immersed in the HiO will detect fthcrenkov light from the interactions. The detector site will be excavated at the 6800' level ofINCO's Creighton nickle mine near Sudbury, Ontario. The use of DyO will allow SNO to observe CC, NC, and ES reactions with solar neutrinos. The CC reaction is just the inverse /3 decay reaction of the solar i/e on the neutron of the deuteron. The ES reaction is the elastic scattering of neutrinos off the electrons of the D^O. The NC reaction disintegrates the deuteron producing a proton and a neutron. Since the cross section for this latter .reaction is independent of neutrino flavour, a difference in the calculated flux of neutrinos from the measured rates of CC and NC reactions would imply a significant flux of solar v^o r t/r. and provide definitive evidence of neutrino flavour oscillations and massive neutrinoa. The measurement of the ( NC rate is therefore of crucial importance to our understanding of the nature of neutrinos and their weak interactions. It is also an independent check of the total neutrino flux from the sun.
The NC reaction^^+d ^l/T+P+n occura^or solar neutrinos having energies in excess of the deuteron binding energy (2223 keV). In the SNO detector, this reaction rate is predicted [6] to be 6380 per kilotonno-year assuming the SSM neutrino flux [3] . The fiB solar neutrino kinetic energy cndpoint of 15 MeV will result in a total recoil energy cndpoint of 12.8 McV. Since protons of such low energies will produce little signal, detection ofNC events can only occur through neutron capture.
The currently planned NC detection method would look for the fcerenkov light from electrons in the showers produced by neutron capture 7 rays from capture by the deuterium of the D^O or from selected additives. The light from these 7 rays would be indistinguishable from the light from the CC and ES interactions. The NC measurement therefore requires careful subtraction of two signals of similar energy with relatively low statistics. In this paper we propose another method. The neutrons would be captured on [8] , and consequently fewer low energy secondary capture 7 rays are emitted in the cascade. The higher energy Cl capture 7 rays generate a shower containing more electrons which have energies above the fcerenkov threshold, and therefore more fcerenkov light results from the Cl capture 7 rays than from the Gd capture 7 rays. Since this produces a better signal to background ratio, NaCI is currently the favoured detection material [5] .
The CGRD chain has a number of difficulties. One obvious difficulty-of the CPD method is its sensitivity to radioactive contaminants in the materials themselves. In both the scintillation and the proportional counter methods, radioactive contaminants in their materials will produce signals comparable with that of the NC neutron capture signal. This is to be compared with the CGRD method where direct backgrounds from radioactive materials are below the thresholds of the SNO detection system. Therefore the purity of the materials must be greater for the CPD method than for the CGRD method.
Another potential drawback of the CPD method is the longer neutron capture mean free path as a result of the smaller amount and discrete nature of capture material. This longer mean free path, and hence poorer spatial resolution may reduce the ability of the CPD method to distinguish the NC neutrons produced uniformly in the D20, from the background neutrons which are produced preferentially around the outside of the D20 by external background 7 rays. This is expected to be only a small drawback.
The above mentioned advantages arc so attractive that we have decided to study the implementation of this method in enough detail to estimate its feasibility. In this paper we [9] , and with other analytical and numerical [10] estimates of neutron capture probabilities for discrete detecting elements, thus confirming the accuracy of the routines.
It has been used to determine the optimum mass, shape, and spacing of discrete neutron absorbing elements, and the photon losses on insertion of the elements, as discussed in the balance of this paper.
IV DETECTING ELEMENT COMPOSITION
The only three stable isotopes with sufficiently high thermal neutron capture cross sections and with final state charged particles are 3He, 6Li and^B. The details of their reactions arc given in Table   I . The use of these isotopes for neutron capture, in conjunction with appropriate charged particle detection materials, is analysed below. [10] .
The gas containment and high voltage electrode materials of the detecting elements will contribute additional mass in this method. Material purity requirements for the containment vessel will be more stringent than for the 3ffe alone, since there will be approximately 3 kg [10] 
c) Signal Loss Due To CPD Elements
The Monte Carlo simulations also indicate a probability that such detecting elements will intercept (Serenkov photons, or photons from other scintillating elements at the rates of 6%, 7%, and 4% respectively for the^He,^LiF'.ZnS, and 6LiI detecting element geometries discussed. In each case the loss of signal due to insertion of the elements is small.
Page 11 V DETECTING ELEMENT PURITY Substantial efforts are directed at minimiiing sources of background contamination throughout the SNO detector. Contaminants of greatest concern are the isotopes in the^U and '^Tfc chains. Purity requirements arc most stringent for the water, at 10"14 to 10"1B g/g uranium and thorium (secular equilibrium assumed) and with the acrylic vessel surrounding the DyO at 10"la g/g. For detecting elements where all contained a and {3 particle emissions will be directly registered in the elements, a 1 d~1 background rate would result from aa little as QTpg of23^or 280pg of333!^, again assuming secular equilibrium.
In the case oi^LH scintillators, it is reported [13] that the signal resulting from neutron capture is larger than that from background Q*S of similar energy, due to the difference in pulse height defect for the triton versus that for the a. As well, energy resolution was reported at 7%. Considering . background o's originating from the^^U and "Tft. chains, a number of background events will be observed in rapid succession (eg. '"fia -» " .Rn (56s) -» Po (0.14») -» '"Pfe). These facts can be used to discriminate against much of the^^U and^Th decay chain activity of contained contaminants.
Other charged particle emitting contaminants must be considered as well, notably '10.K', with a half life of 1.3 * 109 yrs., 0.0118% natural abundance, and an 89.3% branching ratio to energetic f3's. A 1 d~} rate will result from 8Qpg of'^K, or 0.7p,g of natural potassium.
These amounts of natural potassium, 23KU^" TA require impurity concentration limits for^e of2*10-8 g/g, 2*10~12 g/g^and 8#10~13 g/g respectively. Similar background contributions will be seen from these flame contaminants in 6LiF .ZnS at a* of the above levels, or in^LU (considering background discrimination methods discussed above) at of the above levels, given the geometries and masses discussed above.
VI STATISTICAL ANALYSIS
In this section we show that with a much smaller neutron capture probability for the CPD method (about 25%) than for the CGRD method (about 83%) we can achieve the same atatistical accuracy in the measurement of the NC rate. This is possible because all neutrons captured through the CPD method are observed due to the strong light signal, while for the CGRD method event detection efficiency is reduced from the neutron capture efficiency as a result of the intrinsic efficiency of the SNO detector for Ccrenkov light. As well, the CPD method is independent of the CC and ES signals, which removes the necessity of making subtractions of a relatively small number of statistically equivalent signals. In doing these calculations, we have included our best estimates for the backgrounds to the two methods.
The results are given in Table III 
